Mixed adenoneuroendocrine carcinoma (MANEC) is a rare tumor of the gastrointestinal tract involving both epithelial and neuroendocrine (NE) components, each of which represents at least 30% of the tumor. Because of the low frequency of this histotype, only a few cases have been described. In this report we discuss two cases treated with neoadjuvant chemotherapy: a pancreatic adenocarcinoma and a gastric adenocarcinoma. The histopathological specimens examined after surgery showed an additional NE component with a possible indication of the MANEC histotype. We hypothesize two possible explanations: tumor NE cells are more chemoresistant than adenocarcinoma cells, and cytotoxic injury induces NE differentiation in tumor cells. The clinical significance and prognostic value of endocrine differentiation, however, remain controversial issues.
Introduction
Mixed adenoneuroendocrine carcinoma (MANEC) is a rare tumor with dual adenocarcinomatous and neuroendocrine differentiation, in which each component represents at least 30% of the tumor [1] . Diagnosis is mainly based on tumor cytology and architecture and is completed by immunostaining with specific neuroendocrine markers, such as chromogranin, synaptophysin, and CD56 (for the neuroendocrine component), combined with markers of non-endocrine differentiation, such as keratin 7 (for gastric tumors) and keratin 20, CDX2, and carcinoembryonic antigen (CEA) [2] . To date, according to literature, MANECs has been identified in various organs, such as the stomach [3] , colon [4] , biliary tract [5] , pancreas, and even the uterine cervix [6] . A large retrospective case-matched study on patients with MANEC by Watanabe et al., reported 3.2% prevalence of MANEC among all patients with colorectal cancer, as determined from hospital records [7] . It is unclear whether MANEC is more biologically similar to the neuroendocrine or to the adenocarcinoma parts. However, it is an extremely rare tumor, with the majority of instance presented in case reports. Due to its rarity, few aspects regarding the origin or the best therapeutic options are known. The latest WHO recommendations suggest that MANECs should be treated as an adenocarcinoma; however, recent evidence, according to numerous authors, indicates that treatment should be based on the most aggressive histologic component [2, 8, 9] . Due to the rarity of these tumors, there is a significant ongoing debate regard the best treatment for MANECs. These tumors did not exhibit specific symptoms nor did specific radiological or laboratory tests of them reveal unique findings; hence, a diagnosis depends on postoperative histopathological and immunohistochemical studies. There is also conflicting evidence regarding the prognosis of patients with MANEC [10] .
In this paper, we present two unusual cases of MANECs: one arising from the pancreas and one from the stomach. These diagnoses were made based on surgical specimens acquired after administration of neoadjuvant chemotherapy for adenocarcinoma tumors.
Case Report

Case 1
For a 54-years-old male high levels of transaminases were accidentally detected in a blood test. Therefore, an abdomen ultrasound (US) was performed and revealed a nodule in the head of the pancreas. In June 2018, computed tomography (CT) on the abdomen showed a neoplasm in the head of the pancreas that was in contact with the duodenal wall and featured an important dilatation of the extra-biliary and intra-biliary tracts of the liver, gallbladder and major pancreatic duct. Small lymph nodes were present near the pancreas. The patient was admitted to our hospital and underwent an endoscopic retrograde cholangiopancreatography (ERCP), with an insertion of biliary metallic prostheses, and an endoscopic ultrasound (EUS) biopsy. The cytological specimen confirmed the presence of malignant cells that were compatible with ductal adenocarcinoma.
To address the local extension of the disease, immediate surgery was not indicated. Instead, six cycles of FOLFIRINOX (fluorouracil , leucovorin, irinotecan and oxaliplatin) chemotherapy were delivered, which resulted in a unique side effect of G1-like neuropathy in the hands. The reassessment using CT showed stable disease. However, the patient was hospitalized for a fever that was nonresponsive to antibiotic therapy, and diagnosed with cholangitis. Therefore, a biliary drain was placed using percutaneous transhepatic cholangiography (PTC). The bile culture showed the presence of Enterococcus faecalis, Pseudomonas aeruginosa and Stenotrophomonas maltophilia. After delayed antibiotic therapy the patient no longer had a fever.
On November 2018, the patient underwent duodenum-cephalo-pancreasectomy with splenic vein tract resection, which was reconstructed with left renal vein segment interposition, and extensive right hemicolectomy with distal ileus-transverse anastomosis. Both biliodigestive and gastroenteric reconstruction in a single loop (following Child) and pancreatico-gastro anastomosis were performed.
Examination of the surgical specimen revealed that the neoplasm involved the ampullary region. The proximal and distal resected margins, principal biliary duct and pancreatic margin were free from tumor involvement. Histopathological examination of the surgical specimen confirmed tumor infiltration into the duodenal wall to the mucosa and the adipose tissue anteriorly and posteriorly to the pancreas, <1 mm from the mesenteric vein and superior mesenteric artery. Metastases were present in 3 of the 25 regional lymph nodes. Angiolymphatic invasion, with perineural invasion was also present (ypT2N1, R1 stage). The tumor architecture was predominantly solid, consisting of clusters of glandular structures, with epithelial markers, such as CK19 and CK7, and neuroendocrine markers, such as synaptophysin and CD56. Focal mucus secretion was also seen in the same cells (focal PAS-D +). This pattern is characteristic of amphicrine MANEC, in which exocrine and neuroendocrine features are coexpressed by the same neoplastic cells, which show divergent differentiation as indicated by immunohistochemical or electron microscopic techniques [8] . The tumor cells were undifferentiated (G3) (Fig. 1) .
The patient continued therapy with FOLFIRINOX for an additional four cycles and at the least assessment, he showed no evidence of recurrence.
Case 2
In June 2018, a 73-years-old man underwent a fecal occult blood test (FOBT) in a screen used to prevent colorectal cancer, and the test result was positive. However, the colonoscopy was negative. The patient underwent a gastroscopy (missing documentation) that detected edematous and ulcerated mucosa that extended 5 cm (at 27 cm from the dental arch) and a neo-formation of approximately 4 cm with irregular margins at the level of the gastric curvature between the body and antrum, which was ulcerated. Histology revealed intestinal gastric adenocarcinoma and in situ squamous cell carcinoma with severe dysplasia of the esophagus. CT results showed thickening of the gastric antrum wall and of the small gastric curve and the presence of locoregional pathological lymph nodes. Positron emission tomography (PET) results showed intense accumulation of the metabolic tracer at the gastric wall, the small gastric curvature, and in two lymph node formations (cT1N1M0). The patient underwent four cycles of neoadjuvant chemotherapy with docetaxel, oxaliplatin, and fluorouracil/leucovorin (FLOT). CT results showed a reduction in the wall thickness of the gastric antrum and a reduction in the volume of regional lymph nodes. A near total laparoscopic gastrectomy (LAD D2) was performed in October 2018. Gross examination of the surgical specimen revealed a 20 mm × 10 mm tumor of the greater gastric curvature that invaded the gastric wall. The proximal and distal resected margins were free from tumor involvement. Histopathological examination of the surgical specimen confirmed tumor infiltration of mucosa, submucosa and muscularis, with metastasis found in 1 of 35 regional lymph nodes. Angiolymphatic invasion and peritumoral lymphocytic infiltrate, without perineural invasion, were also noted (ypT3N1, R0 stage). The tumor architecture was predominantly solid, consisting of clusters of glandular cells, marked by keratins 7, and clusters of tubular cells with endocrine morphology, marked by synaptophysin, CD 56 and chromogranin (Fig. 2) . The neuroendocrine component represented more than 30% of the tumor; this pattern characterizes composite glandular-neuroendocrine mixed tumor (mixed adenocarcinoma-G1/G2 NET) [8] . The patient underwent four additional cycles of adjuvant chemotherapy with the FLOT scheme. The treatment was well tolerated, with G2 fatigue and G1 diarrhea which disappeared after the introduction of pancreatic enzyme therapy. Restaging through use of CT at the end of chemotherapy indicated no signs of recurrence of the underlying disease. The results from esophagogastroduodenoscopy (EGDS) showed irregular mucosal areas of the esophagus due to chronic esophagitis with an erosive character; normal results of gastric resection and regular gastric stump followed.
Discussion
In the presented cases, tumor cells with NE differentiation manifested in tumor postresection specimens after neoadjuvant chemotherapy, unlike the paired tumors in pretreatment biopsy/cytology specimens. The low cellularity of the basal specimens (determined by fine needle aspiration, in the first case, and by the lack of material of the biopsy, in the second case) did not reveal the presence or percentage of NE cells before the start of chemotherapy. Indeed, we know that tumors have heterogeneous population [11] . The genetic heterogeneity that derives from a large numbers of cell divisions with the emergence of multiple mutations translates into phenotypic heterogeneity. Neoadjuvant drugs can act as biologic selective killers. Increased NE cells have been reported in different types of tumors, such as colorectal and prostatic adenocarcinomas, after neoadjuvant therapy [12] [13] [14] , and the extent of NE cells appears to be related to the degree of cytotoxic insult and treatment response. NE cell hyperplasia is observed in a variety of inflammatory conditions, such as chronic pancreatitis and inflammatory bowel disease, suggesting that NE cells may be more resistant to inflammatory injury. The resistance of endocrine cells to pathological conditions, such as inflammation or drug-induced toxicity, is a recognized phenomenon [15] . In benign conditions, resistance of preexisting endocrine cells to inflammatory injury is exemplified by the apparent islet cell aggregation seen when exocrine cells are lost because of inflammatory atrophy in chronic pancreatitis. Chemotherapy, which promotes inflammation, can also induce selective endocrine cell proliferation [16] . There are two main hypotheses to explain why NE differentiation increases in frequency and density in treated adenocarcinomas [17] . First, tumor cells with NE differentiation may be more resistant to the cytotoxic insult caused by neoadjuvant therapy [12, 14] . Second, cytotoxic injury may induce NE differentiation in tumor cells [12] . In the case of neoplasia, resistance of inherent endocrine cells in exocrine tumors to radiation and cytotoxic drugs has also been demonstrated in other organs, notably the prostate [18] . The endocrine cells are thought to represent a group of terminally differentiated cells that are in the quiescent stage of the cell cycle and are therefore less responsive to treatment effects. Recent studies have shown that NE-secreted products, such as serotonin, somatostatin, and bombesin, may influence tumor growth by promoting proliferation, invasiveness, metastatic potential, and angiogenesis and by conferring antiapoptotic capabilities in prostatic and colorectal carcinoma [19, 20] . A more likely explanation for the increase in endocrine cells with treatment, therefore, relates to the possibility of endocrine differentiation of tumor cells induced by cytotoxic insult. Indeed, it is well known that differentiation and growth arrest are often associated processes. It has been shown in the human prostatic cancer cell line LNCaP that interleukin-6 both mediates cell growth arrest and induces endocrine differentiation, indicating a connection between growth inhibition and endocrine differentiation in prostate cancer [18] . Cox et al. [21] showed that the androgen-independent LNCaP-derived cell line C4-2 also acquired endocrine characteristics in response to treatment with physiologic and pharmacologic agents that elevate intracellular cyclic adenosine monophosphate, indicating that cells representing later stages of tumor progression are also capable of differentiation. In light of these observations, for prostatic carcinoma cell lines, it is plausible to postulate that the increased endocrine cells in tumors with a more advanced treatment response might reflect the fact that tumor cells may respond to treatment by differentiation into endocrine cells thus acquire an endocrine phenotype. Moreover, in prostate cancer, Liu et al. discovered an immunocyte expression protein that induces inflammatory response gene expression and contributes to NE prostate cancer differentiation [22] . Trans-differentiation of cancer cells is also observed in lung adenocarcinoma after tyrosine kinase inhibitor (TKI) therapy. In those cases, the adenocarcinoma transforms into small-cell lung cancer (SCLC) when resistance develops [23] . The differentiation seems to start from the same EGFR mutation of the adenocarcinoma counterpart and develops activating mutations of PIK3CA, inactivating mutations of TP53, and RB1 loss [24] .
Conclusions
The clinical significance of endocrine differentiation in post-treated adenocarcinomas is still a controversial issue. Unfortunately, most cases of MANEC seem to be missed through biopsy-based diagnosis (it is most often misdiagnosed as adenocarcinoma). Therefore, many patients with MANEC will receive neoadjuvant treatment as is established for adenocarcinoma [25, 26] . Of note, in the majority of missed MANEC cases, immunohistochemistry for neuroendocrine markers is not performed; therefore, it is impossible to establish any prognostic markers. Because of its dual histological profile, both the clinical behavior and management of MANEC are substantially different from those of adenocarcinoma and are primarily influenced by the contribution of each component as well as the type of cells in the neuroendocrine component. La Rossa et al. reported that patients with MANEC composed of large neuroendocrine cells have better survival and clinical behavior than patients with nonlarge neuroendocrine cells (small-to-intermediate or mixed large-to-intermediate cells) [27] . With regard to localized gastric MANEC, relatively good survival was observed in the two most-recent large Asian studies [28, 29] . A recent Chinese study [30] that compared the outcome of gastroesophageal junction neuroendocrine neoplasms (GEJ-NENs) with other gastric neuroendocrine neoplasms (NENs) showed that NEC was more aggressive, with poorly differentiated morphology, than adenocarcinoma [31] and had a shorter survival than MANEC (25.2 vs. 73.3 months) [30] . Shia et al. reported [32] that the absence of an associated adenocarcinoma component was predictive of a worse outcome; however, previous studies about gastric or colorectal MANEC reported that there was no statistically significant difference in survival between MANECs and NEC [33, 34] . In this study, a number of GEJ-NECs were mixed with highgrade adenocarcinoma, the outcome of which is better than with pure NECs. In fact, the metastatic patterns of the two entities are different: regional lymph node metastasis of MANEC is more common, and distant metastasis frequently occurrs in NEC, indicating that the behavior of NEC may be more aggressive. In contrast, the latest and largest Western study reported very poor survival rates of localized gastric MANEC [35] . In some studies of colorectal carcinomas, a poorer prognosis was observed in patients with tumors that harbored chromogranin-positive cells [36] [37] [38] [39] , but in other studies, this outcome was not confirmed [40] [41] [42] [43] [44] . Currently, there is no consensus regarding the prognostic significance of NE cells after neoadjuvant chemotherapy, and more studies are needed. Due to the small number of cases of reported MANEC, the clinical behavior is unclear. At present, it is generally agreed that surgery is the first line of treatment for cases with a resectable tumor. After radical resection, multimodal treatment with adjuvant radiotherapy and/or chemotherapy should be performed if indicated. However, it is still not clear whether the postoperative course and ideal management of cases of MANEC differ from those of cases of adenocarcinoma only or neuroendocrine carcinoma only. Lee et al. proposed that treatment should focus on the more aggressive cells of the tumor because the clinical outcome of this mixed tumor follows that of the more aggressive cell type [36] . Following WHO recommendations, we treated our patients as if they were affected by adenocarcinoma because it represented the most aggressive histologic component.
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